Introduction
There is considerable cross-sectional heterogeneity in economic growth, energy use, energy mix and resulting CO 2 emissions across the regions of the world. However, a literature review indicates that there is a lack of up-to-date knowledge about historical regional discrepancies (in absolute and relative terms) regarding drivers of CO 2 emissions. From a global perspective, major climate and/or energy assessments have mostly undertake worldwide decomposition analyses to identify and analyse inclusive drivers of CO 2 emissions (see e.g. Johansson, Patwardhan, Nakicenovic, & Gomez-Echeverri, 2012; Metz, Davidson, Bosch, Dave, & Meyer, 2007) . Although aggregate indicators of this nature are insightful in describing the energy-economy system globally, regional disparities (e.g. income levels, energy supply mix, consumption patterns, climatic conditions, technology development) are masked. The recent growth in CO 2 emissions after the 2008-2009 financial crisis provoked some decomposition analyses (see Jotzo, Burke, Wood, Macintosh, & Stern, 2012; Peters et al., 2011) . Again, the focus was on global trends, major economies, or distinction between developed and developing countries, or OECD vs Non-OECD countries. Although these studies provide interesting insights, the analyses overlook large disparities across multiple regional boundaries.
From a country perspective, for instance, Casler and Rose (1998) undertake a detailed analysis but limited to the U.S. economy, Wang et al. (2005) and Zhang et al. (2009) assess drivers but only for China, De Hann (2001) studies several air pollutants (including CO 2 ) and their drivers for the Netherlands, Liaskas et al. (2000) decomposes industrial CO 2 emissions for the EU, De Freitas and Kaneko (2011) evaluates CO 2 -economy decoupling trends in Brazil, Luukkanen and Kaivo-oja (2002) provide an appealing study but addressed seven major developing countries (e.g. Brazil, China and India), Enevoldsen et al. (2007) study decoupling metrics of industrial energy consumption but for the Nordic Region exclusively, and Wilhite and Nørgård (2004) address energy use and corresponding GHG emissions for India and China. To some extent, the only exception we found is in Raupach et al. (2007) , which analyse not only global but also regional drivers of CO 2 emissions. However, the regional analytical resolution in that study (four main countries and five regions) and time frame (1980 to 2005) are limited compared to the research at hand.
Very little attention has been given to certain regions; such as Africa, Latin America and the Middle East, and related regional drivers of accelerating CO 2 emissions. This is despite the fact that, for instance, the causes and/or impacts of climate change are mostly framed in regional (or sectoral) terms (e.g. as reflected in IPCC Assessment Reports). To a degree, this lack of regional knowledge is consistent with a very recent study acknowledging the need for much more research on geographical differences and implications of transitions to a low-carbon economy (Bridge, Bouzarovski, Bradshaw, & Eyre, 2013) .
Using the most recent and longest available dataset (see International Energy Agency, 2012a), the aim of this short paper is to provide a succinct but high-resolution regional decomposition analysis of CO 2 emissions from fuel combustion for the period 1971-2010. 1 The paper at hand must be taken as a departure point for further and much deeper analyses regarding regional low-carbon economies. With the various green growth policy initiatives that were introduced in 2008-2009, our analysis also aims to cast light on whether the regions under analysis show or not signs of moving towards a low-carbon economy. This is because it has been argued that the global financial crisis provided an opportunity to move economies away from a high carbon emission path (see e.g. Barbier, 2010; Peters et al., 2011) . With due limitations, we take 2010 as an entry point to briefly reveal and compare recent and historical drivers of CO 2 emissions from a regional perspective. In this regard, our paper aims to complement the results given by Peters et al. (2011) and Jotzo et al. (2012) .
Methodology
To ensure scientific consistency with topical studies, we use the same methodological approach undertaken in the recent literature (e.g. Jotzo et al., 2012) . Our paper focuses on CO 2 emissions, the dominant anthropogenic greenhouse gas flux, from fuel combustion. Emissions from cement production, gas flaring, and marine and aviation bunkers are excluded from the analysis.
We estimate the percentage change in CO 2 emissions from energy use and analyse annual changes in: (1) Gross Domestic Product (GDP), (2) energy use, (3) the ratio of energy use to GDP (energy intensity), and (4) the ratio of CO 2 to energy use (carbon intensity of energy) (for definitions see Table 1 ). We use the latest time series data from the IEA (International Energy Agency, 2012a). 2 We use the following formula to estimate the percentage growth rates of CO 2 emissions, energy use, GDP, energy intensity across all regions:
Annual growth rate (in %) of X end year = ((X end year value -X previous year value )/X previous year value )*100
For the purposes of our analysis, we attempt to provide a simple but still high regional analytical resolution by dividing the world into eight regions: Africa, Asia, Latin America and the Caribbean (LATAM), the Middle East, Non-OECD Europe and countries from the former Soviet Union (FSU), Oceania, OECD Europe, and OECD North America (see Annex 1 for definition of regions).
Results
To begin with, our analysis shows that the 2010 rebound in CO 2 emissions was much more pronounced in OECD Europe, OECD North America, Non-OECD Europe and the FSU, and LATAM than in the rest of the world (Fig. 1 ). In these four regions, the emissions rebound correlated closely with increases in economic activity and energy use. In Europe and North America, emission growth reached a record high compared to historical averages (Table 2 ). In 2010 OECD Europe and OECD North America experienced an emission surge of 3% and 2% respectively, and both offset their 2009 reductions. 6,2 4,9 3,9 4,3 5,2 3,0 1,6 1,6 CO 2 /energy 2010 0,5 -2,0 1,7 -0,7 -0,1 -0,7 -1,1 -0,1 1972-2010 average 0,6 0,5 0,1 -0,1 -0,6 0,0 -0,8 -0,3 Decadal averages 1972-1980 0,6 1,6 0,7 0,7 -0,6 0,0 -0,7 -0,3 1981-1990 0,5 0,5 -0,7 -0,4 -0,7 -0,2 -1,2 -0,5 1991-2000 0,1 -0,5 0,5 In OECD Europe the growth rate in energy intensity in 2010 was 1.6%, the highest since 1976. While OECD North America recorded a decrease in carbon and energy intensities in 2010, the recent rates show a slight weakening of relatively strong historical declining trends. In both OECD Europe and OECD North America, the 2010 upward trends in energy intensity as compared to the long term energy trends were likely due to lower fossil-fuel costs (oil prices in 2010 were 75-90 US dollars per barrel, similar to 2007 prices) (International Monetary Found, 2012) and to the extraordinary growth in the construction sector (an energy-and labour-intensive sector targeted by economic recovery packages) (cf. Jotzo et al., 2012) . Nevertheless, in both regions, absolute energy intensity values were equal to, or lower than, any year prior to 2007 ( Fig.2e) . OECD Europe appears to be the single region making consistent progress to decarbonise its energy mix (Fig.2d ).
Among the emerging economies, LATAM experienced the highest rebound in emissions in 2010, namely 9.2%. Emissions grew faster than both GDP and energy use, which grew at nearly twice their average historical rates. The consequent increase in carbon and energy intensity confirms the historical lack of progress in energy efficiency and decarbonisation across LATAM (Mundaca, 2013) . The CO 2 content of the energy supply mix increased by 1.7%, and was the highest growth rate across all regions. In fact, the estimated absolute value for 2010 is comparable to figures from the early-1970s (Fig.2d ). In the non-OECD Europe and FSU region, both the decline and increase in emissions were sharper than in any other region, with a decrease of 10% in 2009, followed by an increase of 8.2% in 2010. This growth in emissions was about twice as high as that of GDP and correlates closely with growth in energy use. Progress for decarbonising the energy mix in the non-OECD Europe and FSU region has slowed down since the mid 1990s. Across the whole of Europe (both OECD and non-OECD countries) a historical decline in energy intensity has not only stopped, but the trend has reversed.
Asia did not experience a significant rebound, but its emissions grew much faster than the historical annual average. The region, which has been the world's dominant CO 2 emitter since the mid-1990s (see Fig 3. ), experienced an increase in emissions of 6.7% in 2010, a higher figure than both its historical average of 4.7% yr -1 and the growth during the financial crisis, which ranged from 5.6% to 5.8%. In 2010 emissions also grew faster than energy use (6.2% yr -1 ). Despite the deceleration in economic activity in Asia -from 8.6% GDP growth in 2007 to 4.1% in 2009 -annual growth in energy use remained unchanged, approximately 5% in the period 2008-2009. Thus, whereas energy intensity in 2010 decreased by 1.8%, the improvement was more due to an increase in economic activity (8.2%) than actual reductions in energy use. In addition, Asia did not show any progress in the decarbonisation of its energy supply mix; CO 2 intensity increased by 0.5% in 2010 -a figure comparable to its historical average annual growth rate (0.6% yr -1 ) (Fig. 2) . Absolute figures show a worrying marked upward historical trend (Fig. 2d ). The Middle East showed a much less pronounced carbon rebound in 2010 than other region. However, emissions continued to grow faster than GDP. Although the rebound did not offset 2008-2009 reductions, on average, emissions have grown at 7.1% yr -1 since 1972, the highest rate across all regions (Table 2) . A similar trend is found for energy use, which correlates closely with emissions growth, indicating essentially no change in the energy supply mix. Additionally, even if energy intensity in 2010 increased more slowly (1.9%) than the historical annual average (4.2%), absolute values show a very disturbing upward trend. In fact, the Middle East region shows the most dramatic increase in energy intensity (by a factor of 5) than any other region in the world historically (approx. 0.5 toe/USGDP in 1971 compared to 2.6 0.5 toe/USGDP in 2010). Possible explanations for these trends include an unchanged oil path dependency (cf. Grubler et al., 2012) , promoted by the highest subsidies in the world for fossil fuels (50-80%) (International Energy Agency, 2012b).
In Oceania and Africa, there was a decrease in CO 2 emissions of 1.1% in 2010. This is despite the fact that both regions experienced economic growth, 2.5% and 4.9% respectively. Only these two regions experienced reductions in energy and carbon intensities at the same time. Africa shows consistent reductions in energy intensity since the mid 1990s and is still a relative marginal contributor to CO 2 emissions globally (Fig.3) . Although a slight relative decrease in carbon intensity of 0.7% is estimated for Oceania in 2010, the region has not shown any significant progress historically, and its absolute value has been the highest in the world for the past three decades.
Concluding remarks
Keeping in mind substantial differences across regions, our estimates show that by the end of 2010 most regions do not seem to show any substantial progress in reducing CO 2 emissions. Whereas specific drivers for certain regions suggest some level of continuous improvement (e.g. decarbonisation of energy mix in OECD Europe; reduced energy intensity in Asia), they are incapable of offsetting the effects of economic growth and increased energy use. Looking at several drivers, most regions reveal a worsening trend lately (e.g. increased energy intensity) or lack of improvement compared to historical rates. Estimates show that economic growth and/or increased energy use were the dominant drivers behind the unparalleled CO 2 emission surge in 2010. Increased energy intensity also played a critical role.
In most regions results appear to confirm that it is a delusion to continue talking about 'decoupling'. That is, a situation in which environmental impacts decline relative to GDP growth. If dangerous climate change is to be avoided, global CO 2 emissions must be reduced and cannot continue to rise forever, even if at a slower rate than GDP. The consequence of decoupling, whether termed relative or absolute, is no coupling at all, which makes no sense. To counteract the environmental impacts of the GDP growth, we can (1) reduce the environmental intensities of our economies, as discussed here, through lowering energy and carbon intensities, and/or (2) reconsider the policies of endlessly promoting economic growth (Nørgård, 2006) , even in regions where demand for more production in recent decades have fallen back, and environmental costs are rising. This could leave more 'environmental space' for economic growth in regions where the needs are evident.
With due limitations, results suggest limited (if any) environmental effectiveness regional policy portfolios to encourage a low-carbon economy. Whereas it is too early to judge, and contrary to initial expectations, Africa (and Oceania to a lesser extent) appears to be the only region that showed signs of grabbing the low-carbon economy opportunity. Trends in other parts of the world seem to support earlier concerns about the effectiveness of economic recovery packages (particularly in the United States, the European Union and Asia) to stimulate a green economy and support low-carbon technologies (Barbier, 2010) .
At the risk of stating the obvious, our results clearly suggest that highly ambitious policies are needed now, more than ever, if significant progress in reducing CO 2 emissions is to be made. If we are to align production and consumption patterns with maintaining global warming below the 2°C threshold, meaningful progress in increasing energy efficiency and decarbonising energy systems is still very much needed across all regions (cf. Luderer et al., 2012; Ürge-Vorsatz & Metz, 2009 ). However, radical absolute reductions in fossil fuel-based energy use and CO 2 emissions are particularly urgently required in rich regions. This is critical if there is to be economic growth in the less-developed regions of a world where carbon constraints and other ecological limitations pose a serious challenge. Unfortunately historical trends, policy commitments, and current carbon reduction pledges show that there is still a 20% probability of going beyond a 4°C rise by 2100 (The World Bank, 2012).
